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(57) Abstract 

A prefonn comprises, distributed along its wall, annular curable zones (3) 
which are radially and outwardly defosmable so that they apply against the wall 
(20) of the well (2). or of the conduit, and which fonn, after curing, anchoring and 
sealing locks for the casing. Applicattao: casing of wells, paiticulaily oil wells, 
or conduits, without using cement 

(57) Abr^ 

Ceoe preftume comporte. rfiparties le long de sa parol, des zones annulaires 
duictssables (3) aptes ft se dtfoenmer radialement ven Pexti^rieur pour venir 
s'appliquer contre la paioi (20) du pufts a), ou de la canalisation, et qui 
fomieni apxts dmcissement des vemais d'anoage et d'6tanch£it6 pour le hibage. 
Applications: otbage de puits, notammextt de faxage peirelier, ou de canalisations, 
sans utilisation de cimenL 
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PREFORME, OISPOSITIF ET PROCEDE POUR LE TUBAGE D'UN PUITS 



La pr^senie invention conceme une pr^formc souple qui est depliable 
radialement, eldurcissable in situ, aprts qu*eUe ait €i6 mise cn place dans un puiis, 
notammcnt un puits de forage pdtiolier, ou dans une canalisation, pour y consiiiucr un 
tubage cylindrique. 

5 Uinveniion concerne iSgalement le proc^^ pour mcitre en place, ancrcr 

ceite prdfonne dans Ic puits ou dans la canalisation, et crter une <iancMite entrc la 
pr6fonne et le puits ou la canalisation. 

On connait ddji des prdfonnes dont la paroi est cn mat^riau souple, 
susceptible d-fitrc leplite sur elle-mgrne de mani&re a presenter un encombrement radial 

10 nettement plus faible que le diam^ure du puits ou de la canalisation ^ tuber, ou k chemiser 
dans le cas d*une reparation localis6e. U pr^formc est intnxluite dans le puits ou dans la 
canalisation h I'^tat replil Une fois qu'elle a ^te posiuonnte i Tendroit voulu, on la 
d^fonne radialement vers Textdrieur. par introduction k rintdricur de la prdfomie d*un 
nuide de gonOage. Sous Teffet de la prcssion interne, elle prcndune fonne cylindrique, 

15 c'est-a-dire une section circulaire. L'ancrage de la prfformc ainsi dilatde k rintericur du 
puits ou de la canalisauon se fait au moycn U'un cimcnt que Ton coule dans Tespace 
annulaire scparant la paroi ext^rieure de la pr^forme cylindrique de la paroi du puits ou de . 
la canalisation Le durdssemcnt k chaud, par pdym6risatic»i, de la paroi constituu ve de la 
prdforme peut fitrc rdalisd soil par inuxxiuction d'un liquide chaud k I'int^rieur de la 

20 prgforme, soit par cffet Joule au moyen de resistances «ectriques appropriees dispos^es 
dans la fwdfoimc. parexemplede fils fiectriques faisant partie de Pannanire de la paioi de 
la pr^fonne, impr6gnte de rfsine thennoduicissable. 

La. demande de brevet intemationale WO 94/2 1887 conceme la cimenuition 
d' un tubage de ce type. 

25 La cimentaiiOT d'une telle prfforme de ce type pose plusieurs probltocs. 

Tout d'abord. elle extge une installation de cimentaiion relaiivemeni 
sophistiqude et coQteuse. 

Par aillcuis. la quality du cimcnt ddt ctre paifaite. pour pouvoir s'ins^rer 
correctement. et de maniere homogfene. dans les interstices annulaircs, dont T^paisscur 
JO peut iu-e uhs faible, s6paranl la paroi de la prt^forme de la paroi du puits ou de la 
canalisation. 
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Enfin. la dmcntaiion n'est pas toujours tres fiablc. car maJ conir616e sur de 
grandes longueurs. 

L'objcciif dc la prdsenie invention est de proposer une prfforme du genre 
ci-dcssus dfcrit, pouvant cu^e mise en place ci ancrde ^ JMnt^rieur du puits ou de ta 
5 canalisation, sans qu'on n*ail k fairc usage d'un cimenL 

Cel objectif est aiieim. conform6menl ^ rinvcnlion. gr^ce au fait que la 
pr^formc comporte, le long de sa paroi, des zones annulaires durcissables aptes k sc 
d6fonncr radialement vers fcxt^rieur pour venir s'appliquer centre la parol du puits ou de 
la canalisation et qui foraient. aprfes durcissemcnt. des verrous d'ancrage et d'^ianchditd 
10 pour le tubage. 

Par ailleurs, selon un certain nombre de caraadristiques additionnellcs. 
non limitatives de Tinvention : 

- la pr^forme comporte une ^^se^ve de r^sine polym^risable k chaud 
disposie du cAt6 intirieur et apte k migrer radialement vers Pext^rieur k iravers la paroi 

15 sous Tcffel d'une pression interne ; 

' elle comporte une peau ext^rieure «asiiquement d^formable, dont 
certains tron9ons en forme de manchons ont une aptitude k la d(Jformation radiale 
nettement plus grande que celle du rcstc de la peau, ccs tron90ns r^isant lesdits verrous ; 

- les tronsons facilement ddformables sont en tflasiom^re non renforc^. 
20 tandis que le reste de la peau est en dlastomire renforc^ ; 

■ ^^^^^ r&erve consiste en des poches annulaires situto en regard desdits 
tron9ons de peau ext^rieurc facilement d^formabies ; 

- ladite reserve s'tSlend lout le long de la prdforme, y compris en regard des 
zones de peau ext&ieurenon facilement d^fonnables ; 

- la parol de la prdfonne est composfc d'une kmc en r^ne polymdrisablc 
k chaud ei de deux peaux en mai^riau 6laslomfcre. I'unc ini^ricure. Tautre extdricure, 
ladite rtservc contcnant la r€sine diant ddliraitde par Fame et par la peau intdrieurc ; 

- la prtforme est munic de joints d'dtancWit^ annulaires enlourant les 
zones durcissaUes destinies k constituer les verrous. 

Le proc^6 selon Tinvcntion. destine k la mise en place, k Tancrage. et k la 
r<5alisation de Tdtanchfii^ d'une pr^fonne telle que dfcrite ci-dessus k Tintdrieur d'un 
puits ou d'une canalisation, comprend les Stapes suivantes : 

a) on iniroduil la pr^foraie k V6\ax p\i6 dans un puits ou une canalisation 
cylindrique, dont le diam^u^e est un peu plus grand que celut de la pi^forme lorequ'elle 

35 est radialement d^ployde; 

b) on introduit un fluide sous pression k Tintfricur de la pr^forme pour 
Tamenerd r^iatrigourcusement cylindrique ; 
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c) on provoque la deformation desdites rones annulaires vers rexi^rieur 
pour les appliquer contre la paroi du puits ou de la canalisation ; 

d) on provoque le durdssement dc la prdfonne ct des zones annulaires. 
De mani^e avaniageusc, k Tdtape c ) on chauffe ia rfeine conicnuc dans 

5 les pochcs annulaires de maniirc k la liqudfier el la fairje migrer vers !*exierieur sous 
Teffet de la pression interne el. k retape d), on mainliem cctie r^sine el celle constitutive 
de la paroi dc la prdfoimc k la icmpdraiure de polymerisation durant un temps suffisant 
pour obtenir le durcissement de Tensemble. 

D'autres caract6ristiques et avantages de Tinvcntion apparaTiront de la 
10 description ct des dcssins annexds, qui en repr&enieni, k litre d'cxemples non limitatifs. 
des modes dc realisation preferentiels. 
Sur ces dessins : 

- la figure 1 est une vue en coupe sch6matique d'une preforme conforme k 
Tinvention. aprte introduction et deploicmcnt radial, mais avant anciagc, k rinierieur 

15 d*un puits de forage petrolier ; 

- les figures 2 et 3 sont des sections transvcrsales de la pitforme k Tdtat 
initial rcplie, scion deux modes de replicmcnt diff^rents ; 

- la figure 4 est une vue similaire k cclle des figures 2 et 3, qui representc 
la preforme radialement d^ployee. pour prendre une forme cylindrique ; 

" *a figure 5 est une vue partielle, en coupe axialc, de la paroi de la 
prefoime. au niveau d'une zone annulaire durcissablc destinfe k conslitucr un vctrou 
d'ancrage, avant qu'elle n'ait 6t£ deformee radialement vers I'exterieur ; 

- la figure 6 est une vue similaire k la figure 5. rcpr^scntant la prtforroe 
apr&s deformation et durcissement du vernxi ; 

IS - la figure 7 est ime vue schdmatique d'un irongon de preforme deploy^, 

qui est 6qmp6 de plusieurs joinis d*etancheite au niveau de la zone annulaire durcissablc 
destinde k coostituer un verrou d*ancrage ; 

- la figure 8 est une vue en coupe longitudinale au niveau du joint, aprte 
ancrage ct durcissement de la prfforme dans un puits. 

• figures 9 et 10 sont des vucs analogues aux figures 5 et 6 respecti ve- 
mcnt, repr&entant une varianie de la pr^fonne. 

A la figure 1 on a repr&cnte une preforme 1 conforme k I' invention, qui 
est placee k Pinterieur d'un puits de forage pdlrolier 2. dont la paroi c>iindrique est 
ref&cncec 20. 

^5 La preformc est dc type connii, en materiau thermodurcissable, polym^risa- 

ble k chaud, qui avant raise en place k Tinterieur du puits est replide longitudinalement de 
fa^n k presenter un enoombrement radial reduit 
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Lc pliage peut etie r&Iisd en "U" comme repr&entd schdmaiiquement k la 
figure 2. ou en "escargof comme repr^ent€ i la figure 3. 

Aprte mise en place sur la longueur voulue. h Tintfricur du puits 2 la 
prc'forme est d^ployde de manifere a prendre une fornie cylindrique. comme illustree aux 
5 figures let 4. 

Cette dilatation nidiale sc fait par introduction d'un nuide sous pression 
dans respace int^deur 100 de la prtfoime. Pbur cela. il est prdvu une canalisation 4 
pdndtiant de maniire Blanche en cxtrdmil^ superieure la de la preforme. I'amen^e de 
nu,de sc faisant depuis la surface S du puits. U fluide uUIistJ peut etre simplement la 
10 boue liquide extraite du puits. 

L'extnSmitd basse lb de la prdforme est naturellement obturie par des 
moyens de fermeture approprids. 

A r^tat dfploy^, la paroi 10 de la prirorme prfeente done une forme 
ngoureusement cylindrique. de diamftue calibrt. Le diamitre de sa surface extdrieure est 

cho.s.demanifcreik etre trfcsltfgfcrementinfdrieuraudiamitiedc la paroi du puits. 

A titre d'exemple. non Hmitatif. le diamfctre exteme de la prtfonne serade 

178milIimfetfes.tandisquelediamfcttedelaparoi 20seiadc 184millimfctres 

"'"«''**'»^'»j«'««««^«J<tontlavaIeuriadialeest.parexemple.de 

3 millimetres. 

Cet espace annulaire libre sur loute la hauteur de la priforme permet 
d evacuer la boue au cours du gonflage. 

Selon une caract^ristiquc csscntielle de Tinvention. la pr^forme 1 est 
pourvue de plusieurs zones annulalres durcissables rdparties le long de sa paroi aptes i 
se diformeriadialemem ven I'ext^deurpourvenirs-appiiquer contre la paroi 20du puits 
de mantferc ifonner. aprfes durcissemenl. des venous d'ancrage et d'dtancWit^ pour le 
cubage. Ces verrous sont repr&entcs cn traits interrompus et lifin^ 3 i la f.gui, 1 

Les diffdrents venous 3 sont espacds de distances L, . L, prtd^teiminte 
qui ne sont pas ndcessairement dgales. 

A titre indicaUf, la pr^forme a une longueur pouvant atteindre 3 000 

L'espacemem des venous 3 pourra etre compris entre 5 et 50 mfetres. par 

La hauteur des verrous sera de Tordre de 0^ a 3 mitres. 

Danslemodederdalisationrepr<sent^auxfigures5et6.1aparoi lOdela 
priformc consUtufe d'une Sme thennodurcissable 5 prise en sandwich entre une peau 
mteneure6etunepcauextdrieure7. . 



20 
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L'ime 5 est une rtsine polymdrisable k chaud, k I'inlericur de laquellc est 
noy^e une amanire de rcnforccmcni compost dc fibres 50, telles que des fibres de verre 
ou de carbone, certaines circonKrentielies et d*autres longitudinales. 

La peau intfrieure 6 est en mat^riau dlastom^re (caoutchouc synthdtique) 
5 non rcnforc6. La peau exl^rieure 7 est en mat^riau ilastom^re. renforcd par un tissu 
raiUement extensible. 

La zone annulaire dcsiin^c h constituer Ic verrou forme un reservoir 
(poche) d^limit^ d'unc pan par Tame 5 el d'autrc pan par un renncmcni 6' . dirig^ vers 
rintcrieur 100 de la pn^rorme. de la peau intdrieure 6. Ce n&crvoir contient une rdsine 60, 
1 0 polym6ri$able k chaud. 

En regard du renflement 6\ la peau ext^rieure 7 est intcrrompue pour 6irc 
remplac6e par un manchon 8. Cclui-ci est convenablemeni reli^ el fixd, par exemple par 
collage, k la peau 7. Le manchon 8 est en matdriau ^lastomdre non renforcd. II esi done 
extensible radialement, contrairement au reste de la peau ext^heure 7. 

A tilre indicatif. F^sseur de chacune des pcaux 6, 7 est de Tordre de 2 
millimfctrcs, tandis que Pfime S a une ^sseur comprise cnlre 5 et 15 millimfcircs. 

La r&ine 60 est choisie pour possdder une viscosity 6\ev€t k icmpdraiure 
ambianie, et une viscosity faible k temperature 6lev6c, par exemple k parUr dc 80*C 
environ. Hie devicnl alors liquide et susceptible de migrer k iravers Tame 5 et son 
20 armature 50. vers 1 'ext^rieur. 

L'ancrage de la pr^forme dans ie puits se fait de la maniire expliqude ci- 

aprte. 

On procfede tout d'abord au d6ploiemcnt radial dc la pr^forme. en y 
inlroduisant Ic liquide L. comme d6jk dit plus hauL La prdforme va done prendre 
25 progressivement une forme cylindrique, tandis que la boue prfsente k rintcrieur du puits 
est chassde dc Tespace annulaire rest6 libre et rcmonie en surface. C'cst du reste ccttc 
memc boue qui peut §tre utilisde comme liquide de gonflage L. via un circuit de pompage 
ad hoc. 

La prcssion du liquide L est choisie de telle maniferc qu'il y ait une 
30 difference de pression relativement eievCe, par exemple dc Pordrc de 10 bars, entre les 
liquides intirieur et extCrieur k la prtforme. U prCforme est rctenuc dans sa position 
correcte k rintcrieur du tube par un apparcillage approprid insialie en surface, el non 
represent^. 

Ensuiic, on procfede au chauffage de la paroi de la prdforme. soil en 
35 substitnant au liquide L un liquide chaud, soil par effet Joule, k r aide.de r&istanccs 
eiectriques appropriees months dans la pr6formc. Cel apport de chaleur va fluidifier la 
r&ine 60 contcnuc dans les pochcs 6\ ainsi que cclle dc Vkmc 5. 
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Sous Teffel de la prcssion p du fiuidc int^rieur, la rdsine liquide va alors 
migrcr dc rinldrieur vers rexlfricur. torn cn refoulani la rtsinc constitutive dc Tame 5. ^ 
travers cctte demidre pour Tormer des hemies annulaires 61 qui vont venir s appliquer 
- par rintemi^diaire des tronfons de peau 8 facilement d^fonnables - centre la paroi 20. 
5 avec unc pression relativement forte. Bien entendu. la capacity des reservoirs ct. 
corr6laiivemeni, le volume de la rdsine 60 sonl choisis suffisants pour combler correcte- 
ment Tcspace annulaire conrespondani au jeu j. et d^former suffisammcni Ics venous 3 
vers rcxi^rieur. conire la paroi 20. Lcs lron9ons 8. apr^s expansion radiale. sonl 
reference 8* sur les dessins. 
10 On continue ensuiie k apporter k la pr^forme ci au verrou les calories 

n6cessaires, pendant une durde suffisante - gdn^ralcmcnt de quelques hcures - pour 
obtenir la polymerisation de Tensemble de la paroi. y compris celle des verrous. 

On oblient done ainsi un lubage rigidc k paroi intdrieure cylindrique, el 
dont la paroi extdrieure est Tormee de bourrelets annulaires qui constituent des zones 
15 d*ancrage et d*6tanch6ii6 du tubage dans le puits 2. 

Les operations finales consistent a enlever le liquide se irouvant k 
rintdrieur dc la prefonne, k reiirer le conduit 4, et k eiiminer les extremitds de pr^fonne 
haute la et basse lb. 

La partie I a peut 6tre enlevde simplcmem par sciage uansversal. La partie 
20 basse I b peut 8tre enlev6e par forage axial k Finterieur du tubage. 

II convient de noier, que la localisation des verrous 3 est parfaitement 
contrdiee par suite de la presence des manchons 8 dont Tapiitude k Textcnsion radiale est . 
plus grande que le reste de la peau exterieure 7. 

La deformation de la peau inierieure 6 vers Texierieur, k la fin de la 
25 migration de la rdsine vers Tcxterieur, est limitee car cctic peau 7 va venir prendre appui 
contre la sUucture filamentaire 50 de rSmc 5. Ainsi, on est assure que la paroi interieure 
du nibage aura une fonne rigoureusement cylindrique sur toute sa hauteur. 

Les verrous annulaires seront posilionnes k la demande. selon les 
caracierisUques physiques du puits k tuber, le long de la preforme. notammenl cn 
30 fonction de la disposition de certaines zones aquiferes. 

Pour ameiiorcr retancheite cntre la preforme et la paroi du puits, ii est 
possible de prevoir, au niveau des vcirous 3 des joints d*etancheiie. 

Cette possibilite est illusiree aux figures 7 et 8. Les manchons dilataUes 8 
sont gamis d'un ou de pi usicurs joints d'etancheiie 9, par exemplc au nombrc de trois. II 
35 s'agii par exemple de joints souples. aptes k se deployer radialeracnt en mSme temps que 
la prefonne, pour prendre une forme lorique. Aprfes dilatation radiale ct durcissement des 
verrous. les joints se irouvcni loges dans une gorge annulaire de la peau exterieurc 8\ 
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assurant une parfaite 6tanch€it€ k ce niveau. Cette technique d*6tanch^it^ fait Tobjet dc ia 
demande de brevet n* 94 03629 deposde par la demanderesse le 23 mars 1994. Elle est 
appliqu^e ici aux zones d'ancrage de la prffonne. 

li convient de noter que la r6sine 60 peut rester emprisonn^e pendant une 
5 longue durie k Pint^rieur des poches 6\ sans risque de degradation. 

Ainsi, les pr^formes peuvcnt €tre siocWcs sans dommages. miscs cn place 
au moment voulu, puis ancr^es ^galement au moment voulu. Du reste, il n'esi pas 
necessaire de r6aliser la polymerisation de la pieforme et des verrous juste aprts le 
deploiement radial de la prefonne. Ces operations peuvent Sire menees successivement au 
10 moment opportun, notamment fonciion de la disponibilite du personnel affecte ces 
tSches. 

Dans la variante de pr6fonne illusiree aux ngures 9 et 10, dans lesquelles 
les memes references qu*aux figures 5 et 6 ont ete uulisees pour designer des elements 
identiques 6u similaires, la reserve de resine polymerisable & chaud 600 n'est pas 

15 conTmee dans des poches. Au contraire, elle occupe un espace annulaire, entre ime 5 et 
peau interieure 6, qui s*etend tout le long de la preforme 7. y compris cn yis-H-vis des 
zones de peau cxterieure renforcees, et non facilement deformables (voir figure 9). Lors 
de Tapplication dc la pression interne p, la lesine liquide va migrer k Tinterieur de Tame 
5. Cependant, vers Texterieur, elle ne va ressonir qu'en regard des tron9ons 8 facilement 

20 defonnables, fonnant k ce niveau les bourrelets d*ancrage 8' . 

Cette variante de preforme est d*un prix de revient plus faible que celui 
d* une prefomie k podies. 

A litre indicatif, la peau exterieure 7 a une epaisscur de Tordre de 2 ^ 
3 mm, rame 5 une epaisscur comprise entre 5 et 15 mm , la resine 600 une epaisseur de 

25 Tordre de 0,4 mm et la peau interieiire 6 une epaisseur de Tordre de 2 mm. 

Bien que dans le mode de mise en oeuvre de Tinvention qui vient d*etre 
decrit en reference aux dessins, on ait affaire au tubage d*un puits verdcal, et plus 
predsement d'un puits de forage petrolier, la presente invention s*applique egalcmcnt au 
tubage dc puits souterrains, qui ne sont pas forcement verticaux, et au tubage de 

30 canalisations, par exemple de pipe-lines ou de gazoducs en vue de leur reparation In situ 
par mise en place d*un chemisage interne. 
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REVENDICATIONS 

1 . Prtfome souple depliable radialcmenl ei durcissable in situ aprfes 
mise cn place dans un puils ou une canalisation pour y consiitucr un lubagc cylindrique. 
caiactdrisdc par le fail qu'ellc compone le long de sa paroi des zones annulaires durcissa- 
bles (3) aptes k se dtfonner radialement vers Fcxi^rieur pour vcnir s'appliqucr contre la 

5 paroi (20) du puits (2) ou de la canalisation et qui forment aprte durcissemem des venous 
d*ancrage et d*^tanch^C^ pour le tubage. 

2. Prtfornic scion la revendication 1. caraci^risde par le fail qu'ellc 
comporie une r&erve de r^sine polymdrisable k chaud (60. 600) dispos^e du c6t6 
intdrieur el apte k migrer radialement vers Texi^rieur k iravers la paroi (10). sous Teffci 

10 d' une pression interne (p). 

3. Prdfonne selon Tune des revendications 1 ou 2, caractdrisfc par le fait 
qu'cllc compone une peau ext^rieure dastiquement d^fonnable (7) dont certains tionsons 
(8. 8') en forme de manchons, ont une aptitude k la ddformaiion radiale nettemeni plus 
grande que celle du teste de la peau (7). ces lron9ons r<5alisanl lesdits venous (3). 

4 . Prdforme selon la revendication 3, caractdris^e par le fait que Ics 
tron9ons (8. 8') facilement d^foraiables sonl en dlastomere nos rcnforc^, tandis que le 
reste de la peau (7) est en 61aslom^e renforc^. 

5 . Pr^forme selon la revendication 2 d'une part, et 3 ou 4 d*autre pan, 
prises en combinaison, caract^risde par le fait que ladite rdserve consiste en des poches 

20 annulaires situ6es en regard desdits tron9ons (8) de peau extdrieure facilement d^fonna- 
bles. 

6 . Prfifonmc selon la revendication 2 d'une pan, et 3 ou 4 d' autre pan, 
prises en combinaison. caract^ris^ par le fait que ladite rdservc (600) s'^tcnd tout le long 
de la prdforme, y compris en regard des zones de peau ext^rieure non facilement 

25 d^fonnables. 

7 . Rrdforme selon Tune des revendications 5 ou 6, caract^ris€e par le fait 
que ia paroi de la pr6fonne est compos6e d'une &me (5) en r&ine polymdrisable k cfaaud 
et de deux peaux en matdriau tflastomftre. Tune int^rieuie (6), Fautre cxtdricurc (7), ladite 
r&erve contenant la r^ine (60. 600) 6tant ddlimitde par Vkme (5) et par la peau int^rieuie 

30 (6), 

8 • Pr6fonnc selon la revendication 7, caract^s^e par le fait que Tame (5) 
compone une amiature filamenlaire (50) noy^e dans la r^sine. 
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9 . Prtforme scion Tune des revendications 1 i 8, caract^risie par le fait 
qu'ellc est munie de joints d'itanchfiitf annulaires (9) entourant les zones duicissables (3) 
destin6es i coistiiuer les venous. 

10. PT0c6d€ pour mettic oj place, ancrer et rtaliser r<iancheit« d'une 
prt forme conforme i I'une des revendications pr£c<dentes dans un puits ou une 
canalisation cylindrique. selon lequel : 

a) on introduit la prtfomie (1) k Vitzt pile dans le puits (2) ou la canalisa- 
tion, dont le iimttn est un peu plus grand que celui de la prtforme lorsqu'cllc est 
radialement d£play6e ; 

b) on introduit un fluide sous pression k Tinttfrieur de la prtfonne (1) pour 
I'amenerlkr^tatrigoureusementcylindiiquc ; 

c) on provoque la deformation desdites zones annulaires (3) vers 
I'extdrieur pour les appliquer centre la paroi (20) du puits (2) ou de la canalisation ; 

d) on provoque le dureissement de la prdfomic (1) ei des zones annulaires 

15 (3). 

1 1 . ProakJe selon la revendication 10. appliqud k une prtffonne oonfonne 
k Tune des revendications 5 ou 6. caract^iistf par le fait qu'k I'^tape c) on chauffe la 
r&ane (60) contenue dans les poches annulaires de maniferc k la liqudfier et la faire migrer 
vets rext&ieur sous reflet de la pression interoe (p) ct qu'k r^tipe d) on mainuent cettc 
20 r&ine et celle constitutive de la paroi de la prtfonnc k la tempdiature de polymdrisation 
duiant un temps suflisant pour obtenir le dureissement de rensemble. 
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PREFORM. DEVICE AND METHOD FOR CASING A WELL 



The present invention concerns a flexible preform that is radially foldable and curable in 
5 situ, after it has been placed in a well, particularly an oil well, or in a conduit, in order to constitute 
a cylindrical casing therein. 

The invention also concerns the method for positioning, anchoring this preform in the well 
or conduttp and creating a seal between the preform and the well or conduit. 

Already known are prefonms the wall of which is a flexible material that can be folded on 
10 itself in order to have an overall radial dimensbn that is significantly smaller than the diameter of 
the well or conduit to be cased, or to be lined in the case of a localized repair. The preform in its 
folded state is inserted in the well or conduit. Once It has been positioned at the desired location, 
it is radially deformed outward by introducing an inflation fluid into the preform. Under the effect of 
the internal pressure, it takes a cylindrical form, that is, a circular cross section. The anchoring of 
1 5 the expanded preform to the interior of the well or conduit is done by means of a cement that is 
poured into the annular space separating the outer wall of the cylindrical preform from the wall of 
the well or conduit. The curing of the preform wall by polymerization can be accomplished either 
by Introducing a hot liquid inside the preform, or by the Joule effect by means of appropriate 
electrical resistances arranged in the preform, for example electric wires comprising part of the 
20 wall structure of the preform, impregnated with heat-setting resin. 

International patent application WO 94/21887 concerns cementing a casing of this type. 
The cementing of a preform of this type poses several problems. 
First, it requires a relatively sophisticated and expensive cementing facility. 
Moreover, the quality of the cement must be perfect in order to be able to insert it 
25 correctly and homogeneously into the annular interstices, the thickness of which can be very 
small, separating the wall of the preform from the wall of the well or conduit. 
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Finally, the cementing is not always very reliable because It is poorly controlled over long 

lengths. 

The objective of the present Invention is to propose a preform of the type described 
above that can be positioned and anchored Inside the well or conduit without the need to use 
cement. 

This objective is achieved, according to the invention, due to the fact that the preform has. 
along its wall, annular curable zones that are radially and outwardly deformable so that they apply 
against the wall of the well or conduil. and which form, after curing, anchoring and sealing locks 
for the casing. 

Moreover, according to a number of additional, non-limiting characteristics of the 
invention: 

- the preform has a reservoir of heat-curable resin on Its inner side that can migrate 
radially outward through the wall under the effect of an intemal pressure; 

- it has an elastically deformable outer skin, certain sleeve-shaped sections of which 
have a capacity for the radial defonnation that Is significantly greater than that of the rest of the 
skin, these sections accomplishing said, locks; 

- the easily defomiable sections are made of non-reinforced elastomer while the rest of 
the skin is made of reinforced elastomer; 

- said reservoir consists of annular pockets situated opposite said sections of easily 
defonmable outer skin; 

- said reservoir extends the full length of the preform, including opposite the areas of 
outer skin that are not easily deformable; 

- the wall of the preform is composed of a heat-curable resin core and two skins made of 
elastomer material, one Inside and one outside, said reservoir containing the resin being 
delimited by the core and by the inner skin; 

- the preform is provided with annular seal rings encircling the curable areas intended to 
constitute the locks. 

The method according to the invention, intended for the positioning, anchoring, and 
sealing of a prefomi as described above inside a well or conduit, is comprised of the following 
steps: 

a) the prefonm in Its folded state is inserted in a well or cylindrical conduit, the diameter of 
which Is a little larger than that of the prefonm when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform to change it to a strictly cylindrical 

state; 
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c) said annular zones are defonned outward to apply them against the wall of the well or 

conduit; 

d) the preform and the annular zones are cured. 

tn an advantageous way, in step c) the resin contained in the annular pockets is heated 
In order to liquefy it and cause it to migrate outward under the effect of the intemal pressure, and 
in step d), this resin and the resin of the wall of the prefomi are maintained at the polymerization 
temperature for enough time to obtain the curing of the "whole. 

Other characteristics and advantages of the Invention will appear from the description 
and the appended drawings, which represent, by way of non-limiting examples, preferential 
embodiments. 

In these drawings: 

- Figure 1 is a diagrammatic cross sectional view of a preform according to the invention, 
after insertion and radial deployment, but before anchoring, inside an oH well; 

- Figures 2 and 3 are transverse cross sections of the preform In its initial folded state, 
according to two different methods of folding; 

- Figure 4 is a view similar to Figures 2 and 3, which represents the radially deployed 
preform to take a cylindrical form; 

- Figure 5 is a partial view, in axial cross section, of the wall of the preform at one curable 
annular zone intended to constitute an anchoring lock, prior to being radially deformecl outward; 

- Figure 6 is a view similar to Figure 5. representing the preform after deformation and 
curing of the lock; 

- Figure 7 is a diagrammatic view of a section of deployed preform, which is equipped 
with several seal rings at the curable annular zone intended to constitute an anchoring lock; 

- Figure 8 is a longitudinal ctoss section at the ring, after the preform is anchored and 
cured in a well. 

- Figures 9 and 10 are views similar to Figures 5 and 6, respectively, representing a 
variant of the preform. 

Figure 1 represents a preform 1 according to the invention, which is placed inside an oil 
well 2, the cylindrical wall of which is referenced as 20. 

The preform is of a known type, made of thermosetting, heat-curable material, which, 
prior to being placed inside the well, is folded longitudinally so as to have a reduced radial 
dimension. 
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The folding can be done in "U** shape as shown diagrammatically in Figure 2. or "snair 
shape as represented in Figure 3. 

After being positioned inside the well 2 along the desired length, the preform is deployed 
so that it takes on a cylindrical form, as illustrated in Figures 1 and 4. 

This radial expansion Is accomplished by introducing a fluid under pressure into the 
preform 's internal space 100. To do this, a conduit 4 is provided that sealably penetrates the 
preform at its upper end 1a and carries the fluid from the surface S of the well. The fluid used can 
simply be the liquid mud extracted from the well. 

The lower end lb of the preform is naturally plugged by an appropriate closing means. 

In its deployed state, the wall 10 of the preform has an strictly cylindrical shape, of 
specific diameter. The diameter of its outer surface is selected so as to be slightly less than the 
diameter of the well's wall. 

By way of non-limiting example, the outside diameter of the preform will be 178 
millimeters, while the diameter of the wall 20 will be 184 millimeters. 

There is therefore an annular space J the radial value of which, for example, is 3 
millimeters. 

This free annular space along the full height of the preform allows the mud to be 
evacuated during inflation. 

According to one essential characteristic of the invention, the preform 1 is provided with 
several annular curable zones distributed along its wall, which are radially and outwardly 
deformable so that they apply against the wall 20 of the well, and which after curing, form 
anchoring and sealing locks for the casing. These locks are represented by broken lines and by 
references 3 in Figure 1. 

The different locks 3 are spaced at predetermined distances L^, La that are not 
necessarily equal. 

By way of example, the prefonn has a length that can reach 3,000 meters. 
The spacing of the locks 3 can be between 5 and 50 meters, for example. 
The height of the locks will be on the order of 0.5 to 3 meters. 

In the embodiment represented in Figures 5 and 6. the wall 10 of the prefonn is 
composed of a heat-setting core 5 sandwiched between an inner skin 6 and an outer skin 7. 
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The core 5 is a heat-curable resin, inside which is embedded a reinforcing structure 
composed of fibers 50. such as glass or carbon fibers, some of which are circumferential and 
others longitudinal. 

The inner skin 6 is an unreinforced elastomer material (synthetic rubber). The outer skin 
7 is an elastomer material reinforced by a slightly expandable fabric. 

The annular zone Intended to constitute the lock fomis a resen/oir (pocket) delimited by 
the core 5 as well as by a bulge 6\ toward the interior 100 of the preform, in the inner skin 6. This 
reservoir contains a heat-curable resin 60. 

Opposite the bulge 6*. the outer skin 7 is interrupted to be replaced by a sleeve tube 8. 
This sleeve tube is appropriately connected and attached, for example by gluing, to the skin 7. 
The sleeve tube 8 is made of an unreinforced elastomer material. It is therefore radially 
expandable, unlike the rest of the outer skin 7. 

By way of example, the thickness of each of the skins 6, 7 is on the ocder of 2 millimeters, 
while the core 5 has a thickness of between 5 and 15 millimeters. 

The resin 60 is selected to have a high viscosity at ambient temperature, and a low 
viscosity at high temperature, for example above about 80^C. It then becomes liquid and can 
migrate outward through the core 5 and its reinforcing structure 50. 

The anchoring of the preform in the well Is done as explained in the following. 

First, the prefomri is radially deployed by introducing the liquid L into It, as already 
mentioned above. The preform will then progressively take on a cylindrical shape, while the mud 
present inside the well is forced out of the annular space that remains free, and rises to the 
surface. The rest of this same mud can be used as the inflation liquid L. by means of a suitable 
pumping system. 

The pressure of the liquid L is selected so that there is a relatively high pressure 
differential, for example on the order of 10 bars, between the liquids inside and outside the 
preform. The prefomi is held in its proper position inside the pipe by an appropriate device 
installed at the surface, and not represented. 

Next, the wall of the preform is heated either by replacing the liquid L with a hot liquid, or 
by the Joule effect using appropriate electrical resistances mounted in the preform. This heat will 
liquefy the resin 60 contained in the pockets 6', as well as the resin of the core 5, 
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Under the effect of the pressure p of the internal fluid, the liquid resin then migrates 
outward from the interior, while forcing the resin comprising the core 5 through to fomri annular 
bulges 61 which will be applied - by means of sections of easily deformable skin 8 - against the 
wall 20, with a relatively strong pressure. Of course, the capacity of the reservoirs, and 
corelatively. the volume of the resin 60, are chosen so as to be sufficient to correctly fill the 
annular space J. and to sufficiently deform the locks 3 in an outward direction against the wall 20. 
The sections 8. after radial expansion, are referenced 8* In the drawings. 

The necessary calories continue to be applied to the preform and to the lock for enough 
time - usually a few hours - to obtain a curing of the wall assembly, including the locks. 

Thus, a rigid casing is obtained with cylindrical interior wall, and the outer wall of which is 
formed of annular rolls that comprise anchoring and sealing zones of the casing in the well 2, 

The final operations consist of removing the liquid from inside the preform, withdrawing 
the conduit 4, and eliminating the upper and lower ends 1a and lb, respectively, from the prefonn. 

The part la can be removed simply by transverse sawing. The lower part lb can be 
removed by axial boring inside the casing. 

It should be noted that the locatbn of the locks 3 is perfectly controlled due to the 
presence of the sleeve tubes 8. which have a greater ability to extend radially than the rest of the 
outer skin 7. 

The outward defomnation of the inner skin 6, at the end of the outward migration of the 
resin, is limited because the skin 7 will come up against the filament structure 50 of the core 5. 
This ensures that the interior wall of the casing will have a strictly cylindrical shape along its full 
height. 

The annular locks will be positioned where desired, depending on the physical 
characteristics of the well to be cased, along the prefonn. particularly as a function of the location 
of certain aquifer zones . 

In order to improve the seal between the preform and the wall of the well, seal rings can 
be provided at the locks 3. 

This possibility is Illustrated in Figures 7 and 8. The expandable sleeve tubes 8 are fitted 
with one or more seal rings 9, for example three In number. These are flexible rings, for example, 
capable of being deployed radially at the same time as the preform, to take on a toroidal shape. 
After radial expansion and curing of the locks, the rings are lodged in an annular groove of the 
outer skin 8\ 
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providing a perfect seal at this point. This sealing technique is the object of this applicant's patent 
application No. 94 03629 filed on March 23. 1994. It is applied here to the anchoring areas of the 
preform. 

It should be noted that the resin 60 can remain enclosed for a long time inside the 
5 pockets 6\ with no risk of degradation. 

The preforms can therefore be stored without damage, put in place whenever desired, 
then also anchored whenever desired. Furthermore, the preform and locks do not need to be 
cured until after the radial deployment of the preform. These operations can be performed 
successively at the proper time, depending on the avaliabllity of the personnel assigned to these 
10 tasks. 

In the prefonn variant illustrated in Figures 9 and 10. In which the same references as in 
Figures 5 and 6 were used to designate identical or similar elements, the reserve of heat-curable 
resin 600 is not confined in the pockets. On the contrary, it occupies an annular space between 
the core 5 and the inner skin 6. which extends the full length of the prefomi 7. including opposite 

15 the outer reinforced skin areas that are not easily deformable (see Figure 9). During the 
application of the internal pressure p, the liquid resin migrates to the inside of the core 5. Toward 
the exterior, however, it will only push out into the easily deformable sections 8, forming 
anchoring rolls 8' there. 

This preform variant has a lower production cost than a preform with pockets. 

20 By way of example, the outer skin 7 has a thickness on the order of 2'ta 3 mm, the core 5 

has a thickness of between 5 and 15 mm. the resin 600 has a thickness on the order of 0.4 mm 
and the Inner skin 6 has a thickness on the order of 2 mm. 

Although in the method of Implementing the invention that has just been described with 
reference to the drawings, the casing was for a vertical well, and more specifically an oil well 

25 bore-hole, the present invention also applies to the casing of underground wells that are not 
necessarily vertical, and to the casing of conduits, for example pipelines or gas pipelines, for the 
purpose of repairing them in situ by installing an internal lining. 
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CLAIMS 

1. Flexible preform that is radially foldable and curable in situ , after it has been placed in 
a well or In a conduit, in order to constitute a cylindrical casing therein, characterized by the fact 
that the preform has. along its wall, annular curable zones (3) that are radially and outwardly 
deformable so that they apply against the wall (20) of the well (2) or conduit, and which form, after 
curing, anchoring and sealing locks for the casing. 

2. Prefonn according to claim 1 , characterized by the fact that it has a reservoir of heat- 
curable resin (60. 600) on its inner side that can migrate radially outward through the wall (10) 
under the effect of an internal pressure (p). 

3. Preform according to either of claims 1 or 2, characterized by the fact that it has an 
elastically deformable outer skin (7), certain sleeve-shaped sections (8, ff) of whfch have a 
capacity for the radial deformation that is significantly greater than that of the rest of the skin (7), 
these sections accomplishing said locks (3). 

4. Preform according to claim 3, characterized by the fact that the easily-deformable 
sections (8, 8 ) are made of non-reinforced elastomer while the rest of the skin (7) is made of 
reinforced elastomer. 

5. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact that said reservoir consists of annular pockets situated 
opposite sakj sections (8) of easily-deformable outer skin. 

6. Prefonm according to daim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact said reservoir (600) extends the full length of the 
preform, including opposite the areas of outer skin that are not easily defomiable. 

7. Preform according to either of claims 5 or 6. characterized by the fact that the wall of 
the prefomi is composed of a heat-curable resin core (5) and two skins made of elastomer 
material, one inside (6) and one outside (7), said reservoir containing the resin (60, 600) being 
delimited by the core (5) and by the inner skin (6). 

8. Preform according to claim 7. characterized by the fact that the core (5) has a filament- 
type reinforcing structure (50) embedded in the resin. 
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9. Preform according to any of claims 1 to 8, characterized by the fact that it is provided 
with annular seal rings (9) encircling the curable zones (3) intended to constitute the locks. 

10. Method for the positioning, anchoring, and sealing of a preform as described above 
5 inside a well or cylindrical conduit, according to which: 

a) the preform (1) In its folded state is inserted in a well (2) or conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is Introduced into the preform (1) to change it to a strictly 
cytindricat state; 

10 c) said annular zones (3) are deformed outward to apply them against the wall (20) of the 

well (2) or conduit; 

d) the preform (1 ) and the annular zones (3) are cured. 

11. Method according to daim 10, applied to a preform according to either of claims 5 or 
6, characterized by the fact that in step c) the resin (60) contained in the annular pockets is 

15 heated in order to liquefy it and cause it to migrate outward under the effect of the internal 
pressure (p), and that in step d). this resin and the resin of the wall of the preform are maintained 
at the polymerization temperature for enough time to obtain the curing of the whole. 



[see origlna) for figures] 
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